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CITY OF BOULDER 
TRAFFIC SIGNAL PRACTICES MANUAL WORKING DRAFT 
 

1.0 INTRODUCTION 

 
The City of Boulder has a population of just over 100,000 people, and currently operates 154 traffic 
signals.  As the City continues to grow in population and improve the safety and efficiency of its existing 
transportation infrastructure, it is important for the City of Boulder Transportation Division to document 
traffic signal installation and operation practices for application to existing and future traffic signal 
controls.  
 
Policy guidance for the placement and operation of traffic signals is established in the 2014 
Transportation Master Plan (TMP) (to be updated in 2018), the Boulder Revised Code and the 2016 Safe 
Streets Boulder report.   The TMP provides policy guidance for the City Transportation DivisionΩǎ annual 
ǿƻǊƪ ǇǊƻƎǊŀƳ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ǇǊƛƻǊƛǘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘǊŀŦŦƛŎ ǎƛƎƴŀƭǎΣ ƛƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ .ƻǳƭŘŜǊ ŎƻƳƳǳƴƛǘȅΩǎ 
multimodal transportation and sustainability goals.  
 
This Traffic Signal Practices Manual details current City practices for the placement and operation of 
ǘǊŀŦŦƛŎ ǎƛƎƴŀƭǎΦ  Lǘ ŀƭǎƻ ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ƛƴŘǳǎǘǊȅΩǎ ōŜǎǘ ǇǊŀŎǘƛŎŜǎ ǊŜǎŜŀǊŎƘŜŘ ōȅ ǎǘŀŦŦΦ  ¢ƘŜ 
goal of this work effort is to refine practices for the installation and operation of traffic signals to 
confirm alignment with all TMP goals, including ǘƘŜ /ƛǘȅΩǎ άVision ½ŜǊƻέ goal. It is intended that this 
ŘƻŎǳƳŜƴǘ ǿƛƭƭ ǎŜǊǾŜ ŀǎ ŀ άƭƛǾƛƴƎέ ŘƻŎǳƳŜƴǘ ǘƻ ōŜ ǇŜǊƛƻŘƛŎŀƭƭȅ ǳǇŘŀǘŜŘ ŀǎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴǎ ŀǊŜ 
made, new research and data becomes available, and as traffic signal controls best practices evolve. 
 
Key documents utilized to develop this Traffic Signal Practices Manual include: 
 

¶ City of Boulder Transportation Master Plan (TMP)  

¶ Manual on Uniform Traffic Control Devices (MUTCD)  

¶ City of Boulder Design and Construction Standards  

¶ City of Boulder Traffic Signal Standards and Specifications 

¶ National Association of City Transportation Officials (NACTO) Urban Street Design Guide 

¶ Institute of Transportation Engineers (ITE) Traffic Engineering Handbook and Manual of Traffic 
Signal Design 

 
Peer research included online research, peer email group outreach, direct emails, and/or phone calls. 
The peer research used in this document incorporated practices or input from over 35 public agencies 
and industry resource groups.  
 

1.1 TMP Guidance and Code Requirements  

 
¢ƘŜ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ aŀǎǘŜǊ tƭŀƴ ό¢atύ ǇǊƻǾƛŘŜǎ ƻǾŜǊŀǊŎƘƛƴƎ ƎǳƛŘŀƴŎŜ ŦƻǊ ǘƘŜ /ƛǘȅΩǎ ǎƛƎƴŀƭ ǎȅǎǘŜƳ ōȅ 
stating that: 
 



City of Boulder Transportation Division  Traffic Signal Practices Manual 

 
 

   

 Page 6 WORKING DRAFT  February 12, 2018 

ΧǘƘŜ ǊƻŀŘǿŀȅ ǎȅǎǘŜƳ ƛǎ ǳǎŜŘ ōȅ ŀƭƭ ƳƻŘŜǎ ŀƴŘ ǘƘŜ ǎŀŦŜ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ǘƘŜ ǊƻŀŘǿŀȅ 
system is in ŜǾŜǊȅƻƴŜΩǎ ōŜǎǘ ƛƴǘŜǊŜǎǘΦ 9ǾŀƭǳŀǘƛƴƎ ŎƻƴƎŜǎǘƛƻƴ ŀŎǊƻǎǎ ŀƭƭ ƳƻŘŜǎ ŀƴŘ ŀŎǊƻǎǎ ǘƘŜ 
transportation system allows for informed and systematic trade-offs. This perspective is reflected 
ƛƴ ǘƘŜ ŎƛǘȅΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ƻǇŜǊŀǘƛƴƎ ǘƘŜ ǎƛƎƴŀƭ ǎȅǎǘŜƳΣ ǿƘŜǊŜ the goal is to minimize the overall 
delay for all users of signalized intersections, while maintaining acceptable service and safe 
conditions for all modes and movements.  
 

The responsibility of performing traffic engineering duties 
within the City is outlined in the Boulder Revised Code 
(BRC).  Per BRC Section 2-2-мм ά¢ǊŀŦŦƛŎ 9ƴƎƛƴŜŜǊƛƴƎέΥ 
 

The city manager is appointed as traffic engineer for 
the City to perform the responsibilities provided in 
this section and other applicable ordinances of the 
City. It is the general duty of the traffic engineer to 
plan the installation, timing, and maintenance of 
traffic control devices; to plan and direct the 
operation and parking of traffic on the streets of the 
City; to conduct investigations of traffic conditions; to 
represent the City in dealing with officials of other 
governments on traffic and street improvements; to 
make agreements dividing responsibility for 
maintenance of streets and traffic control devices 
over which authority is exercised jointly with other 
governments; and to take such steps as are 
reasonably necessary and proper to carry out these 
plans subject to the availability of funds. 

 
The BRC establishes that the City manager may, without limitation άόпύ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘƛƳƛƴƎ ƻŦ ǘǊŀŦŦƛŎ 
control signalsέ ŀƴŘ ǘƘŀǘ άin exercising the discretion delegated by this section, the city manager shall 
ŎƻƴǎƛŘŜǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦŀŎǘƻǊǎ ǘƘŀǘ ŀǇǇƭȅ ǳƴŘŜǊ ǘƘŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎέ:  

(1) The standards of the traffic engineering profession and of the state and federal 
governments;  

(2) Public safety;  

(3) The most efficient use of the streets and city parking areas; and  

(4) The costs involved.  

  
All of these duties emphasize the need for the City to balance a variety of considerations including safety 
and efficiency in the placement and operation of traffic signals. 
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2.0 PLANNING AND WARRANTS 

 
Traffic signals can help to mitigate traffic congestion and provide safe assignment of right-of-way when 
located and operated appropriately.  The City of Boulder has criteria that are used to determine when 
various traffic control measures should be implemented to most safely and efficiently accommodate the 
mix of transportation network users.  These criteria are used to evaluate many traffic control devices 
including traffic signals.  Following these criteria, the City of Boulder has installed approximately one 
new traffic signal per year over the past 20 years. 
 
Traffic signals can provide efficiency, safety and multimodal travel benefits but can also have negative 
impacts, including safety tradeoffs, construction and ongoing costs, and additional delays to some users.   
It is important to ensure that the significant 
investment associated with signal installation and 
operation provides an overall benefit to the 
community.   
 
The Manual on Uniform Traffic Control Devices 
(MUTCD) is a compilation of standards for all traffic 
control devices, including road markings, highway 
signs, and traffic signals. It is published by the 
Federal Highway Administration and is intended to 
establish national conformity for traffic control 
devices.  The MUTCD explains that implementation 
ƻŦ ǎƻƳŜ ǘǊŀŦŦƛŎ ŎƻƴǘǊƻƭ ŘŜǾƛŎŜǎ άǎƘŀƭƭέ ōŜ ŘƻƴŜ 
όǊŜǉǳƛǊŜŘύ ŀƴŘ ƻǘƘŜǊǎ άǎƘƻǳƭŘέ ōŜ ŘƻƴŜ 
(recommended).  The MUTCD states that a 
transportation professional should use engineering 
judgement in determination of the need for traffic 
signal controls whether listed as required or 
recommended practice in the MUTCD. 
 
The MUTCD provides criteria which are used to 
determine if a benefit will be provided relative to 
the associated tradeoffs when considering the 
installation of a signal.  Aside from the cost to build and maintain the signal, there are costs associated 
with increased travel delay and pollution while vehicles are idle and potential safety impacts, such as 
increased rear-end crashes.  The MUTCD recommends that traffic signals not be installed if there is a 
very short period of peak delay and other mitigation measures can accommodate heavy traffic 
movements during this time.  City staff uses discretion and engineering judgement when considering the 
installation of traffic signals and explores alternatives to signal control that may better meet the goals of 
the community.  This section describes the considerations concerning the decision to install a traffic 
signal.  
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2.1 Evaluation for New Traffic Signals 

The MUTCD provides nine (9) traffic signal warrant criteria for consideration in the evaluation for the 
need for a new traffic signal.  The MUTCD warrants include: 
 

¶ Eight-Hour Vehicular Volume 

¶ Four-Hour Vehicular Volume 

¶ Peak Hour 

¶ Pedestrian Volume 

¶ School Crossing 

¶ Coordinated Signal System 

¶ Crash Experience 

¶ Roadway Network 

¶ Intersection Near a Grade (Rail) Crossing 

 
Current Practice:  The City will consider all nine MUTCD warrant criteria, as applicable for a specific 
location.   For most locations in the City of Boulder, the vehicular volume, pedestrian volume, and crash 
experience criteria will apply.  In these cases, the City most typically evaluates the need for a traffic 
signal based on the following three considerations, as taken or modified from the MUTCD warrant 
criteria: 
 

1. Delay:  Within the MUTCD Peak Hour warrant criteria suggests that a traffic signal shall be 
considered for installation when there are four (4) or more vehicle hours of delay on the side 
street and other specific volume criteria exist.  City staff have found that unreasonable side 
street delay may occur closer to two (2) vehicle hours of delay and that has typically been the 
criteria for considering a traffic signal for installation for delay reduction purposes.    

2. Safety:  The MUTCD states that a traffic signal shall be considered if an engineering study finds 
that there have been five (5) or more reported crashes of types susceptible to correction by a 
traffic control signal within a 12-month time period. This threshold is currently utilized by the City 
to evaluate a traffic signal need on a safety-basis. 

3. Pedestrian Volume:  The MUTCD provides criteria for installing a traffic signal to reduce 
excessive delays for pedestrians crossing a roadway under high pedestrian crossing conditions.  
However, the requirements to meet this warrant are prohibitive (typically requiring more than 
100 crossings per hour to be satisfied) and consequently the City uses the criteria outlined in our 
City of Boulder Pedestrian Crossing Treatment Installation Guidelines which reduces the 
minimum pedestrian volume for consideration of signal installation.   

 
While current conditions (confirmed by field data) are typically used when considering installation of a 
traffic signal, flexibility based on future, projected needs may be given.  Future conditions that could 
justify consideration of proactive signal installation may include transportation network projects that 
result in a shift in traffic, impending development, or projected changes in geometry or infrastructure. 
 
If a traffic signal is suggested as part of a development proposal, and the intersection lies within a series 
of coordinated traffic signals, then a progression analysis is required to ensure that adequate 
progression may still be provided. Generally, a spacing of one-half mile between adjacent signalized 
intersections is desired to achieve optimum capacity and signal progression. 
 
Pedestrian enhancements and pedestrian signal controls, pedestrian traffic signals, and HAWK beacons, 
are addressed in the City of Boulder Pedestrian Crossing Treatment Installation Guidelines. Emergency 
signals are installed based on responder needs for emergency access or where special signal phasing is 
required given specific conditions. 
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Peer & Industry Research Considerations:   

¶ The use of MUTCD warrant criteria as a basis for the evaluation of traffic signal warrants is 
universal among the peer agencies reviewed in the United States. Many agencies install 
pedestrian signal controls based on modified criteria given the prohibitive pedestrian crossing 
ŎǊƛǘŜǊƛŀ ƻŦ ǘƘŜ a¦¢/5Φ {ƻƳŜ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ǳǘƛƭƛȊŜŘ .ƻǳƭŘŜǊΩǎ tŜŘŜǎǘǊƛŀƴ /ǊƻǎǎƛƴƎ ¢ǊŜŀǘƳŜƴǘ 
Guidelines as a basis for their own practices. 

 

2.2 Public Involvement 

Current Practice:  Signs are posted by the City prior to construction of a new signal at the signal location 
to notify the public of the project and to provide contact information where the public can provide 
comments.  Additional public outreach to land owners adjacent to a new signal may be conducted by 
staff on a case-by-case basis. 
 

2.3 Funding for Traffic Signals 

Traffic signal installations in the City of Boulder are typically funded through the CityΩǎ development 
excise tax. New traffic signals, signal replacements, and signal modifications may also be funded as part 
of large corridor projects which typically have state or federal funding associated with them.  
 
Limited availability of funding often determines the schedule for construction of a signal after the 
determination has been made that a new traffic signal is recommended. New signals typical cost 
approximately $300,000 per intersection, including planning and design.  Some projects may require 
associated sidewalk and roadway improvements or the relocation of conflicting utilities, which can 
significantly increase the total installation cost.   
 
There are also ongoing costs to operate and maintain traffic signals after installation.  The City budgets 
$1.2 million annually for signal operation and maintenance, including staffing, vehicles and equipment.    
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3.0 DESIGN 

 
The City of Boulder typically follows federal Colorado Department of Transportation standards and 
specifications when designing traffic signals; this is often required when the signal is installed as part of 
a federal-aid project.  The City also maintains their own Traffic Signal Standards and Specifications to 
define local equipment specifications and technical standards.  All signals are designed by either City 
staff or consultant staff to these requirements.  Design plans seek to minimize the amount of 
infrastructure to be maintained while meeting safety and operational requirements. 
 
National and state standards and guidance for traffic signals often allow for multiple options or provide 
flexibility in signal design.  This section outlines the City design practices for various traffic signal 
elements where federal design standard flexibility is afforded or where the City has developed specific 
practices to meet the safety and mobility needs of the local Boulder community.  In addition, this 
section discusses potential trade-offs between safety and mobility where engineering judgement is 
required during design. 
 

3.1 Left-Turn Signals 

Left-turning movements are generally acknowledged to be 
the highest-risk movements at intersections and can result in 
right-angle crashes and vehicle vs. pedestrian crashes, which 
are among the most severe in terms of potential injury 
(Boulder Safe Streets Report, 2016). Since 2004, the City of 
Boulder has been installing Flashing Yellow Arrow (FYA) signal 
heads for left-turn movements where a form of permitted 
left-turn phasing is provided (either permitted-only or 
protected/permitted), replacing older five-section heads.  
Flashing yellow arrows heads are permitted for use per the 
MUTCD and are the preferred device by the FHWA to 
accommodate protected/permitted phasing.  FYA heads have 
been found to have a high level of understanding, and a 
lower fail critical rate (drivers making an unsafe decision) as 
compared to a circular green indication (NCHRP, 2003). In 
addition, the flashing yellow arrow display offers more 
versatile field application features as compared to the 
circular green indication. 
 
The four-section FYA head provides maximum flexibility for all modes of left-turn operation:  

¶ can toggle between modes by time-of-day 

¶ allows lead-lag operation for maximum progression benefit without having to provide lead-
protected-only phasing 

¶ improves safety / reduces crashes (Schattler, Anderson, Hanson, 2016) 
 
Current Practice:  For new installations and complete reconstructions, the City of Boulder installs flashing 
yellow arrow (FYA) heads at all locations with an exclusive left-turn lane unless the movement would 
operate solely in protected-only mode due to geometry and safety considerations. An exception to this 
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would be where a left-turn head is omitted at locations where it is unlikely that left-turn phasing will ever 
be required, in order to shorten the mast arm length. See Section 5.5 for additional discussion of left-turn 
signal operation and considerations for protected-only operation).   
 
Peer & Industry Research Considerations:   

¶ ¢ƘŜ /ƛǘȅ ƻŦ .ƻǳƭŘŜǊΩǎ ŎǳǊǊŜƴǘ ǇǊŀŎǘƛŎŜ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƛƴŘǳǎǘǊȅ ōŜǎǘ ǇǊŀŎǘƛŎŜǎΦ  Most peer 
agencies reviewed are installing new signals and/or retrofitting old signals with FYA left-turn 
heads since inclusion of FYA signals in the 2009 MUTCD.   

¶ The MUTCD does not include a standard sign for FYA citing research (see NCHRP 493) that found 
that the FYA display is intuitively obvious in meaning to drivers and that an explanatory sign is 
ǳƴƴŜŎŜǎǎŀǊȅΦ IƻǿŜǾŜǊΣ ǎƻƳŜ ŀƎŜƴŎƛŜǎ ƛƴǎǘŀƭƭ ŀ ά[9C¢ ¢¦wb ¸L9[5 hb C[!{ILbD ¸9[[h² 
!wwh²έ ƻǊ ǎƛƳƛƭŀǊ ǎƛƎƴ ƻƴ ǘƘŜ Ƴŀǎǘ ŀǊƳ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ C¸! ǎƛƎƴŀƭ. 

 

3.2 Right-Turn Signals 

Right-turn signals can provide greater operational efficiency at intersections with exclusive right-turn 
lanes, particularly where there are high right-turning volumes. Right-turn phases can only be provided 
where there is an exclusive right-turn lane; otherwise right-turning traffic is controlled by the through-
movement phase indications. A protected-only right-turn phase can operate concurrent with an 
intersecting left-turn phase to increase intersection capacity and with no conflict to other vehicular or 
pedestrian movements (intersecting streets U-turns being the exception).  
 
Bi-modal red indications with appropriate signing to prohibit right-turn on red on a time-of-day basis 
may also be utilized.  An all-day condition ƛǎ ǘȅǇƛŎŀƭƭȅ ǎƛƎƴŜŘ άƴƻ ǊƛƎƘǘ-ǘǳǊƴ ƻƴ ǊŜŘέΦ An LED άblank-outέ 
sign may be used to prohibit right-turns on red during a portion of a signal cycle, such as during the 
service of an exclusive pedestrian phase. 
 
Current Practice:  The City of Boulder installs right-turn signal heads with right-turn overlap phases at 
locations: 

¶ with an exclusive right-turn lane that is signalized (not a right-turn bypass lane with yield 
condition) 

¶ where there is an intersecting street left-turn protected-only phase that can run concurrently 
with the overlap  

¶ where U-turns are not allowed on the intersecting street (or geometry allows for adequate space 
for concurrent turns) 

 
Peer & Industry Research Considerations:   

¶ ¢ƘŜ /ƛǘȅ ƻŦ .ƻǳƭŘŜǊΩǎ ŎǳǊǊŜƴǘ ǊƛƎƘǘ-turn signals practice is consistent with industry best practices. 

¶ FYA signals can be used for right-turn overlap phases with the benefit of 1) not having to prohibit 
the conflicting U-ǘǳǊƴ ƳƻǾŜƳŜƴǘ ƻƴ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƴƎ ǎǘǊŜŜǘΣ ŀƴŘ нύ ŀǘ ά¢έ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ǿƛǘƘ ǊƛƎƘǘ-
turning traffic across a side-street pedestrian phase (operation in flashing yellow mode to 
indicate to drivers to yield to pedestrians). The City of Tucson has utilized FYA for right-turn 
overlaps for decades (dating back prior to MUTCD inclusion). FYA heads have not been used in 
Boulder for right-turn operation to date.   



City of Boulder Transportation Division  Traffic Signal Practices Manual 

 
 

   

 Page 12 WORKING DRAFT  February 12, 2018 

3.3 Signal Face Type and Placement 

The MUTCD provides guidance for the type, number of, and positioning of traffic signal faces for each 
approach and movement type. The MUTCD provides this ƎǳƛŘŀƴŎŜ ƛƴ άǎƘŀƭƭέ όǊŜǉǳƛǊŜŘύΣ άǎƘƻǳƭŘέ 
όǊŜŎƻƳƳŜƴŘŜŘύΣ ŀƴŘ άƳŀȅέ όǇŜǊƳƛǘǘŜŘύ ǎǘŀǘŜƳŜƴǘǎΦ  ¢ƘŜ /ƛǘy of Boulder meets the MUTCD 
requirements utilizing the following detailed practice for signal head provisions. 
 
Current Practice:  Side-of-pole signal faces are generally provided on both the far left and far right 
corners of signalized intersections to supplement the overhead signal indication(s).  Side-of-pole signal 
faces are also generally provided on both sides of the street at mid-block pedestrian signals.  Far left 
corner side-of-pole signal faces are generally not provided for intersection approaches where left-turns 
are precluded by geometry or otherwise prohibited (such as at one-way streets). 
 
The number and location of overhead signal faces is generally determined by the number of left and 
through lanes on the approach.  On a single lane approach, a single signal face is provided over the lane 
(unless a second overhead face is required to provide the second face within the 20-degree driver cone of 
vision).  On an approach with multiple through lanes but no left-turn lanes, a signal face is generally 
provided over each lane line dividing the through lanes.  However, where there is not a far-left side-of-
pole signal face, a minimum of two overhead signal faces are provided. 
 
On an approach with a left-turn lane and a through lane, one left-turn face is generally provided over the 
left-turn lane and a single through face is provided over the through lane.  Where it is unlikely that left-
turn phasing, or related signing will ever be provided, the left-turn face may be omitted, and the 
overhead signal face may be located over the through lane to avoid excessively long mast arms.  Where 
protected-only left-turn phasing is used exclusively, the left-turn face will be a 3-section left-turn face.  
Otherwise, it will be a 4-section flashing yellow arrow (FYA) face to allow all forms of left-turn phasing to 
be used.  If possible, signal faces over left-turn lanes are located a minimum of 3' to the left of the lane 
line to provide 8' minimum separation between signal faces, as well as space on the mast arm for a sign 
over the left-turn lane. 
 
On an approach with a left-turn lane and two through lanes, one left-turn face is generally provided over 
the left-turn lane, and a through face is provided over each of the two through lanes.  With three or more 
through lanes, a face is provided over each of the lane lines dividing the through lanes. 
  
On an approach with two left-turn lanes, a left-turn signal face is generally provided over each of the 
left-turn lanes. However, if providing two left-turn signal faces would require a mast-arm length 
ŜȄŎŜŜŘƛƴƎ ррΩΣ ŀ ǎƛƴƎƭŜ ƭŜŦǘ-turn signal face may be provided over the lane line between the left-turn 
lanes.  Where a through movement also exists, one or more overhead through faces are provided in 
conformance with the guidance provided above.  On an approach with three left-turn lanes, a left-turn 
face is provided over each of the lane lines dividing the left-turn lanes. 
 
Overhead signal faces are generally not provided over single right-turn lanes, except where right-turn 
overlap phasing is provided and a far-right side-of-pole signal face would not be in the line of sight of 
right-turning drivers.  On an approach with two right-turn lanes, a signal face is provided over the lane 
line dividing the right-turn lanes. 
 
Reflectorized signal head backplates are installed for all new signal installations and signal 
reconstructions.   
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Peer & Industry Research Considerations:   

¶ .ƻǳƭŘŜǊΩǎ ŎǳǊǊŜƴǘ ǇǊŀŎǘƛŎŜ ŦƻǊ ǎƛƎƴŀƭ ƘŜŀŘ ǘȅǇŜ ŀƴŘ ǇƭŀŎŜƳŜƴǘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ a¦¢/5 ŀƴŘ 
industry best practice.   
 

3.4 Pedestrian Accommodations and Accessible Pedestrian Signals (APS) 

Pedestrian accommodations at traffic signals typically include pedestrian signal heads and push buttons.  
The MUTCD provides guidance for the alignment of pedestrian signal indications relative to curb ramps 
and crosswalks. In some locations, Accessible Pedestrian Signal (APS) devices may be used.  APS devices 
communicate information about pedestrian timing in nonvisual format such as audible tones, verbal 
messages, and/or vibrating surfaces (MUTCD, Section 4A.02).    
 
Current Practice: Pedestrian signal indications are provided at every 
crosswalk controlled by a traffic signal.  All new pedestrian signals 
are countdown type.  Pedestrian push buttons are typically provided 
for all pedestrian phases to allow for maximum timing plan 
flexibility.  Historically, push buttons have not been provided for 
pretimed signals ς typically in high pedestrian volume areas in the 
downtown grid.  In order to maximize flexibility for all types of signal 
control, new signal construction and reconstruction includes 
infrastructure to allow for actuated pedestrian and vehicular 
operation.  
 
The City standard practice is to locate the signal pole or a pedestal 
pole that houses the pedestrian push button between two 
directional ramps on a corner to allow push buttons to be mounted 
on the same pole.  This varies based on specific ramp configuration 
and utility conflicts.  The location of push buttons allows for the 
button to be reachable from the landing or waiting area, consistent 
with Federal accessibility requirements.  The City may use a combination of signal poles, pedestal poles 
and/or push-button poles to provide adequate push button accessibility.  The City balances the need for 
push button accessibility while utilizing the minimum number of poles on a corner to reduce hazards to 
bicyclists and pedestrians and minimize maintenance and replacement needs.   
 
Accessible Pedestrian Signals (APS), as described at the top of this section, are installed on a case-by-case 
basis to be evaluated by City staff and based on demonstrated need with consideration for noise impacts 
and cost of installation.  The City considers the installation of accessible pedestrian signals at locations 
where known support facilities for visually impaired citizens are nearby, or when requested by citizens on 
a route currently used by visually impaired citizens.  /ƛǘȅ ǎǘŀŦŦ ǿƛƭƭ ŎƻƴǎƛŘŜǊ ǘƘŜ ǳǎŜ ƻŦ άǇǊŜǎǎ ϧ ƘƻƭŘέ 
functionality which allows for extended crossing times (based on a slower speed than the 3.5 feet/sec 
pedestrian speed consistent with the MUTCD) at locations where APS push button locations are installed.  
 
Peer & Industry Research Considerations:   

¶ The National Federation of the Blind had previously opposed all use of APS (until the early 
мффлΩǎύ ōǳǘ Ƙŀǎ ƴƻǿ ǎǘŀǘŜŘ ǘƘŀǘ !t{ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ƛƴ ǎƻƳŜ ǎƛǘǳŀǘƛƻƴǎΣ ǘƘƻǳƎƘ ŀǊŜ ǎǘƛƭƭ ƻǇǇƻǎŜŘ 
ǘƻ άǿƘƻƭŜǎŀƭŜέ ƛƴǎǘŀƭƭŀǘƛƻƴ ŀǘ ŜǾŜǊȅ ƛƴǘŜǊǎŜŎǘƛƻƴ όb/Iwt, 2010).  This is consistent with the 
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current City practice which installs APS on a case-by-case basis.  However, the draft version of 
the Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-Way (last updated in 
нлммύ ǎǘŀǘŜǎ ǘƘŀǘ άǿƘŜǊŜ ǇŜŘŜǎǘǊƛŀƴ ǎƛƎƴŀƭǎ ŀǊŜ ǇǊƻǾƛŘŜŘ ŀǘ ǇŜŘŜǎǘǊƛŀƴ ǎǘǊŜŜǘ ŎǊƻǎǎƛƴƎǎΣ they 
ǎƘŀƭƭ ƛƴŎƭǳŘŜ ŀŎŎŜǎǎƛōƭŜ ǇŜŘŜǎǘǊƛŀƴ ǎƛƎƴŀƭǎ ŀƴŘ ǇŜŘŜǎǘǊƛŀƴ ǇǳǎƘōǳǘǘƻƴǎέ ό{ŜŎǘƛƻƴ wнлфΦмύ, 
supporting much broader use of APS.  Toronto, Tacoma, WA and Kirkland, WA are examples of 
cities that are installing APS at all new traffic signal locations and Toronto plans to have APS 
installed at all signalized locations by 2025, though this is also to be in compliance with local 
(Ontario, CA) ADA requirements.  Seattle, WA installs APS infrastructure at all new signals or 
complete rebuilds, but at existing signals and signal modification locations on a case-by-case 
basis.  However, Seattle conducts an engineering study to determine if/when APS should be 
activated when certain conditions are met vs. immediately putting APS into operation at the new 
signal/rebuild locations.   

¶ Most cities reviewed that publish practices for APS use installs at locations with a demonstrated 
ƴŜŜŘ ŦƻǊ !t{Σ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ .ƻǳƭŘŜǊΩǎ ŎǳǊǊŜƴǘ ǇǊŀŎǘƛŎŜΦ  ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ tƻǊǘƭŀƴŘ 
https://www.portlandoregon.gov/transportation/article/193051, Tucson, New York City, and 
Minneapolis, amongst others.  Some agencies, such as Portland, San Diego, Minneapolis, San 
Francisco, and Los Angeles have scoring criteria to evaluate potential APS locations and rank 
requests for new installations. Portland does not install APS at fixed-time signals in the Central 
City area. Outside the Central City and at detection-actuated signals, PBOT will upgrade or install 
APS pushbuttons at existing signals only upon a valid request or where the need is otherwise 
documented. PBOT practice is to activate the audible tone at APS pushbuttons only when 
initiated by a pedestrian by pressing the button (i.e. the audible tone is not automatically 
activated for each pedestrian phase) (Portland, 2017). 

¶ San FranciscoΩǎ APS prioritization tool:   
https://www.sfmta.com/sites/default/files/reports-and-
documents/2017/12/aps_ranking_tool_4_20_2010_with_2017_facility_updates_0.pdf 

¶ The MUTCD ό{ŜŎǘƛƻƴ п9Φлуύ ǎǘŀǘŜǎ ǘƘŀǘ άwhere two pedestrian pushbuttons are provided on the 
same corner of a signalized location, the pushbuttons should be separated by a distance of at 
ƭŜŀǎǘ мл ŦŜŜǘέΣ with the exception that άwhere there are physical constraints on a particular 
corner that make it impractical to provide the 10-foot separation between the two pedestrian 
pushbuttons, the pushbǳǘǘƻƴǎ Ƴŀȅ ōŜ ǇƭŀŎŜŘ ŎƭƻǎŜǊ ǘƻƎŜǘƘŜǊ ƻǊ ƻƴ ǘƘŜ ǎŀƳŜ ǇƻƭŜΦέ  ¢ƘŜ b/Iwt 
Web-Only Document 150, Accessible Pedestrian Signals: A Guide to Best Practices (2010) 
ŘƛǎŎǳǎǎŜǎ ǘƘŀǘ ǘƘƛǎ млΩ ǎŜǇŀǊŀǘƛƻƴ ƛǎ ǘƻ ŀƭƭƻǿ ŦƻǊ ōŜǘǘŜǊ ƻǇŜǊŀǘƛƻƴ ƻŦ !t{ ŘŜǾƛŎŜǎ ōȅ ƭƻŎŀǘƛƴƎ !t{ 
devices closer to departure locations thus reducing the potential for pedestrian phase indications 
to be confused and allowing for quieter operation of tones or messages. See 
http://www.trb. org/Publications/Blurbs/164696.aspx for more detail. 

¶ An audible WALK indication is needed on any APS. Tone indications should be used where 
ǎǇŜŀƪŜǊǎ ŀǊŜ ǎŜǇŀǊŀǘŜŘ ōȅ ŀŘŜǉǳŀǘŜ ŘƛǎǘŀƴŎŜ όмлΩύ ŀƴŘ ƭƻŎŀǘŜŘ ŎƭƻǎŜ ǘƻ ǘƘŜ ŎǊƻǎǎǿŀƭƪ ǘƘŜȅ ǎŜǊǾŜΣ 
so it is clear which speaker is sounding. Generally, tone indications should be provided from 
pushbutton-integrated speakers, rather than from speakers mounted on pedestrian signal heads.  
Speech WALK messages are recommended only where pushbutton speakers must be located on 
the same pole, or less than 10 feet apart. (NCHRP, 2010).   Washington State DOT requires that 
all APS units include speech messages. Portland uses chirps/cuckoos vs. voice message after 
finding the voice messages difficult to hear/understand in a noisy urban environment (NCHRP, 
2010). 

¶ High-contrast, tactile arrows are recommended at all locations with an APS (NCHRP, 2010) 

¶ Automatic volume adjustment is recommended at all locations with APS (NCHRP, 2010) 

https://www.portlandoregon.gov/transportation/article/193051
https://www.sfmta.com/sites/default/files/reports-and-documents/2017/12/aps_ranking_tool_4_20_2010_with_2017_facility_updates_0.pdf
https://www.sfmta.com/sites/default/files/reports-and-documents/2017/12/aps_ranking_tool_4_20_2010_with_2017_facility_updates_0.pdf
http://www.trb.org/Publications/Blurbs/164696.aspx
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See https://www.access-board.gov/attachments/article/743/nprm.pdf for more detail, 

¶ The vibrotactile indication of the WALK interval is needed at most locations and is required by 
raft PROWAG. However, it is useful only when the device is located close to the crossing 
departure location. It is important to note that Draft PROWAG requires audible information in 
addition to vibrotactile indications of the WALK. Without specific training on the device, blind 
pedestrians may not find or use the vibrotactile indication, particularly if it is not located on the 
actual pushbutton (NCHRP, 2010) 

¶ Toronto uses two different audible bird sounds: a "cuckoo" for the north/south direction and a 
"chirp" for the east/west direction, to provide consistency across their 824 APS locations.  

 

3.5 Bicycle Signal Faces and Detection 

Bicycle signal faces are typically used to improve identified safety or operational problems involving 
bicycle facilities or to provide guidance for bicyclists at intersections where they may have different 
needs from other road users (NACTO, 2013). The use of bicycle signal faces is relatively new within the 
United States and their use ƛǎ ŎǳǊǊŜƴǘƭȅ ŘƛǊŜŎǘŜŘ ōȅ ǘƘŜ a¦¢/5Ωǎ άLƴǘŜǊƛƳ !ǇǇǊƻǾŀƭ ŦƻǊ hǇǘƛƻƴŀƭ ¦ǎŜ of a 
Bicycle Signal Face (IA-мсύέ ό5ŜŎŜƳōŜǊ нлмоύ. 
https://mutcd.fhwa.dot.gov/resources/interim_approval/ia16/ 

 
The MUTCD Interim Approval currently 
only allows for the green and yellow 
bicycle signal indications to be utilized 
where there are no concurrent 
conflicting motor vehicle phases, such 
as a parallel permitted right-turn 
across the bike path or lane.  This 
Condition of Approval limits bicycle 
signal face use to very specific 
locations, such as where right or left-

turn movements across the bicycle path of travel can be 
restricted to operate in a protected-mode only in an 
ŜȄŎƭǳǎƛǾŜ ǘǳǊƴ ƭŀƴŜ ǿƛǘƘ άƴƻ-ǘǳǊƴ ƻƴ ǊŜŘέ ǊŜǎǘǊƛŎǘƛƻƴǎ ƛƴ 
place.   This not only severely restricts the potential 
application of bicycle signal faces but also their operation.  
For example, this condition of the Interim Approval does 
not allow for the use of a leading bicycle interval (LBI) in 
any practical application. 

 
Current Practice:  The City of Boulder installs bicycle 
signal faces at locations where the type of bicycle facility, 
existing or potential bicycle use, roadway geometry and safety considerations would help to achieve the 
goals of the TMP, but within the current restrictions of the MUTCD Interim Approval.   
 
Exclusive-phase bicycle movements may be actuated by inductive loop detection where potential 
pedestrian movements could trigger other types of detection.   
 
 

Bicycle Signal on Diagonal Highway at 
30th Street in Boulder 

https://www.access-board.gov/attachments/article/743/nprm.pdf
https://mutcd.fhwa.dot.gov/resources/interim_approval/ia16/
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Peer & Industry Research Considerations:   

¶ Many peer agencies are now utilizing bicycle signal faces within the criteria of the MUTCD 
Interim Approval.  The use of bicycle signals is likely to continue to evolve, with agencies pushing 
for revision of MUTCD guidance at the national level to include more flexibility for bicycle signal 
applications.  

¶ At most bicycle signal installations reviewed, conflicting vehicular right-turn or left-turn 
movements are operated in protected-only mode (often with no-turn-on-red signage) consistent 
with the MUTCD Interim Approval restrictions. 

¶ Some agencies (Portland, Seattle, Cambridge, MA are examples) have implemented bicycle 
signals at locations where the bicycle phases run concurrently with adjacent permitted right-turn 
movements, despite the requirements of the MUTCD Interim Approval.  In some cases, such as 
Portland, the LBI installations predate the Interim Approval and the safety record of these 
locations are such that the City of Portland continues to utilize them.  See section 5.8 for 
additional discussion of LBIs. 
 

3.6 Vehicular Detection   

Detection of vehicles on the approach to traffic signals is utilized to service various signal phases in 
response to traffic demand, within the parameters of the intersection signal timing and corridor 
coordination plans.     
 
Current Practice:  The City currently uses radar stop bar detection for vehicles in new signal installations 
and reconstruction due to superior performance, reliability and life-cycle costs. Other detection 
technologies, including loop detection and video detection, are being replaced within the City based on 
repair and maintenance schedules and as funding allows.   Main street detection is not always provided 
at semi-actuated intersections as these movements are typically on recall.  The radar detection currently 
in use by the City does not allow volume-density operation.  However, one benefit of radar detection is 
that main street left-turn detection can be used for main street through lane detection in the future for 
fully actuated control, if desired.  

 

3.7 Controller Type  

Current Practice:  The City currently uses the 2070 type controller 
with the Econolite ASC/3 software package.  Evolving technologies 
for traffic signal controller hardware and software are continually 
evaluated for applicability of use in the City of Boulder with 
consideration given to cost, operational features, and overall 
benefit to the community.   
 

3.8 Battery Backup  

Current Practice:  Uninterrupted Power Supply (UPS) is typically 
provided in all new signal installations and major reconstructions.  
Retrofits occur on a priority basis based on available funding.  The 
/ƛǘȅΩǎ goal is to have a UPS provided at every signal. 
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3.9 Signal Structures  

Current Practice:  All new, permanent signal installations are designed with mast arm structures.  Use of 
span wire is typically permitted only for temporary signals used during construction projects.  The City 
utilizes the Colorado Department of Transportation standard 614-40A pole fƻǊ ǳǇ ǘƻ ŀƴŘ ƛƴŎƭǳŘƛƴƎ ŀ ррΩ 
mast-arm and the 614-40 pole ŦƻǊ ŀ слΩ ǘƻ трΩ όƳŀȄƛƳǳƳύ Ƴŀǎǘ ŀǊƳΦ 
 
Pedestal poleǎ όǘȅǇƛŎŀƭƭȅ ммΩ ǘŀƭƭύ and/or оΩ-сέ push button poles are utilized as necessary to provide 
appropriate visibility and accessibility of pedestrian signal heads and push buttons.  Pedestal poles may 
also be utilized to provide a signal head for a vehicular movement, typically left-turns.  
 

3.10 Metered Power and Mast Arm Street Lighting 

Current Practice:  Per current Xcel Energy tariff requirements metered feeds are required for new or 
significantly reconstructed signals.  The tariff allows the City to feed City-owned luminaires on traffic 
signal poles.  In these cases, the City of Boulder maintains these luminaires.  City-owned luminaires are 
preferable due to cost savings, wider luminaire choices, and ability for the City to maintain. 
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4.0 CONSTRUCTION 

 
Equipment specification and technical details for installation of traffic signals in the City of Boulder are 
guided by the most current versions of the following documents: 
 

¶ CDOT Standard Specifications for Road and Bridge Construction 

¶ CDOT M&S Standards 

¶ City of Boulder Design and Construction Standards  

¶ City of Boulder Traffic Signal Standards and Specifications 

¶ AASHTO A Policy on Geometric Design of Highways and Streets 

¶ The Manual on Uniform Traffic Control Devices (MUTCD) 
 
Where a conflict between the above documents exists, the controlling design standard is established 
during design for the specific project and should be notated on the construction plan notes.  All traffic 
signals and signal modifications are installed by either City staff or contractors to these requirements. 
 
All projects should be designed to provide adequate temporary traffic control (to be approved by CDOT 
and/or the City of Boulder, as required) and should minimize impacts to vehicular, bicycle and 
pedestrian traffic.  
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5.0 OPERATIONS 

 
The operation of traffic signals in the City of Boulder is intended to implement the mobility and safety 
goals of the Transportation Master Plan (TMP).  As noted in the introduction, there is guidance in both 
the TMP and the Boulder Revised Code as to the considerations that the traffic engineer should use 
when determining signal operation.   
 
There are a significant number of traffic signal operations factors to be considered in striving to provide 
a balance between mobility and potential conflict between users.  Some improvements intended to 
enhance safety may have negative operational impacts and/or potentially negative safety implications 
elsewhere.  For example, longer delays as a result of an operational change at one location may result in 
more aggressive driving and disregard of traffic devices at that location and elsewhere.  Such negative 
operational impacts may also create additional safety concerns.  Conversely, operational and mobility 
improvements may come at the cost of higher potential for conflict between users.   Additional 
considerations include the potential for injury or death from a crash as well as the potential frequency 
of crashes at a signalized intersection.     
 
The transportation engineering field has seen innovations in recent years in policies, practices and 
technologies which can provide improved mobility and safety for all mode of travel.  These innovations 
have impacted and will continue to impact various aspects of traffic signal operation as more data 
becomes available and methods are refined. City staff seeks to incorporate the latest research, peer 
agency experience, and current industry best practices into signal design and operation.  This section 
outlines many current signal operations practices the City has in place with considerations for 
maintaining these practices or making changes based on peer and industry research.   
 
Signal practices and policies from over 35 agencies (peer cities, counties, state DOTs and industry 
resource groups) were reviewed as part of this effort, including document research, online research, peer 
review group outreach, emails, and phone calls. These efforts will continue in ongoing basis as additional 
information become available and practices are refined to ŦǳǊǘƘŜǊ ŜƴƘŀƴŎŜ ǘƘŜ /ƛǘȅ ƻŦ .ƻǳƭŘŜǊΩǎ 
practices. 

 

5.1 Signal Modes and Coordination 

This section discusses traffic signal operational modes and coordination practices.    
 
Traffic signals can be operated in pretimed, semi-actuated, or fully actuated mode depending on 
locational need.   Pre-timed signals operate with fixed cycle lengths and green splits, and in turn can 
operate either in isolation or coordination with adjacent traffic signals. An intersection that is under 
semi-actuated control typically has detectors on the minor street and on the major street left turns (if 
left-turn phases are provided), but not on the major street through movements. The signal controller 
dwells or rests in the major street through phases and services the minor movements (i.e., minor streets 
and major street left-turns) upon demand.  An intersection that is fully actuated has detectors for all 
movements and does not have a fixed cycle length; the durations of all phases are dependent on either 
vehicle actuations on their approaches or on maximum green times.  
 



City of Boulder Transportation Division  Traffic Signal Practices Manual 

 
 

   

 Page 20 WORKING DRAFT  February 12, 2018 

The intent of coordinated traffic signals is to help traffic flow through a series of signals at a 
predetermined speed to minimize or avoid stops, thereby reducing travel times, delay and fuel 
consumption.  Apart from its operational benefits, signal coordination is known to reduce vehicle 
conflicts along corridors where traffic signals are coordinated. Largely, it reduces the number of rear-
end conflicts, as vehicles tend to move more in unison from intersection to intersection (FHWA, 2004). 
The main disadvantage of signal coordination is that side-street vehicular, pedestrian, and bicycle traffic 
typically experiences longer wait times, unless they are travelling with the coordinated traffic. 
 
Current Practice:  City staff seeks to optimize signal operation to maximize mobility and movement of 
people while minimizing potential conflicts for all modes of travel.    
 
Coordinated operation is used where there is a net benefit gained from signal progression along a 
corridor, generally based on the spacing of signalized intersections.  As a rule-of-thumb, traffic signals 
spaced further than ½-mile apart are typically not coordinated as vehicles will spread out beyond this 
distance and benefits to coordination are lost. Where coordinated signal operation is used, it is limited to 
times of day when the coordinated phase traffic volumes are high enough to generate enough delay 
reduction benefit to offset the delay induced to non-coordinated movements. When operating mid-block 
pedestrian signals in free mode, the practice is to time the main street minimum green so that the 
pedestrian phase is available within a one-minute wait.    
 
Corridor signal progression will typically maximize efficiency for vehicles traveling at the posted speed 
limit for automobiles.  On a case-by-case basis, timing of corridors may be based on bicycle travel speeds. 
Over long distances, bicycle speeds are typically too variable for effective corridor progression, though 
timing of corridors to a bicycle travel speed is considered on a case-by-case basis (such as on 13th Street 
downtown).  The City may operate signals in coordinated mode but with no offsets for tightly spaced 
signals (i.e.: downtown Broadway).  If there is known congestion during peak hours, the City may 
coordinate signals for speeds lower than posted speed for queue management. 
 
Signals that are coordinated must operate on the same base cycle length during coordinated time 
periods but may operate on a half-cycle where beneficial and feasible. Cycle lengths for each coordinated 
group in the City may differ due to differences in volume/demand, provision of protected-only or 
protected/permitted turn phases, pedestrian crossing times due to corridor roadway widths, and other 
factors.  
 
Cycle lengths for a particular signal group are set to the minimum length of time required to service all 
vehicular and pedestrian movements, but per the most restrictive intersection in that group. For 
example, the Broadway & Canyon Blvd. intersection requires a minimum of 100 seconds cycle length to 
adequately service all movements in the PM peak hour.  Thus, signals in the Downtown signal group 
utilize a 100-second cycle length in the PM (or a 50-second half-cycle, as possible for a few intersections). 
 
Fully-actuated operation is utilized for isolated signals with relatively balanced volumes.  Fully-actuated 
operation may also be utilized at some major signals during free operation mode and where there are 
significant side street volumes. 
 
If a mid-block pedestrian signal location is not in close proximity to another signal it will operate free at 
all times.  If it is close to another signal on a corridor with heavy traffic volumes, it will operate in 
coordination only during higher volume periods.  During lower volume periods, the mid-block signal will 
operate on a half-cycle length, if feasible, to minimize pedestrian wait times. 
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Speed-sensitive signals ƻǇŜǊŀǘŜ ƛƴ άŦǊŜŜέ ƳƻŘŜ ǿƘŜǊŜ ŎƻƻǊŘƛƴŀǘŜŘ ƻǇŜǊŀǘƛƻƴ ƛǎ ƴƻǘ ƴŜŜŘŜŘ ōŀǎŜŘ ƻƴ 
volume and may be considered where there is a demonstrated need for speed mitigation that has not 
been able to be addressed through other countermeasures.  The City currently utilizes the άǊŜǎǘ-in-redέ 
method created by CALTRANS, which has limitations. 
 
Scheduled low-volume flashing operation is evaluated by signal group, considering delay reduction 
benefit vs. increased crash risk.  If intersection detection (actuated or semi-actuated) operation is 
available, a signal will not be operated in low-volume flashing mode unless it is adjacent to other signals 
which operate in low-volume flashing mode.  Fixed-time signal groups may operate in low-volume 
flashing operation only if the intersections have adequate sight distance to operate in flashing yellow for 
the main street approaches and flashing red for the side street approaches. 
 
Flashing operation at new signal turn-on is typically provided for a minimum of 24 hours and a maximum 
of one week to alert drivers to the presence of the new signal prior to standard operation.  The typical 
mode for flashing operation of a new signal is main street flashing yellow and side street flashing red.  If 
there are main street left-turn phases being installed, these typically flash yellow as well. 
 
Peer & Industry Research Considerations:   

¶ Boulder is consistent with peer City and industry best practices (NACTO) regarding coordination, 
including use of coordination groups (minimizing cycle lengths in urban centers to accommodate 
all needed movements and considerations for mobility for all modes). 

¶ Cities including Portland, Minneapolis, San Francisco and Copenhagen have implemented bicycle 
and/or pedestrian άƎǊŜŜƴ ǿŀǾŜέ ŎƻƻǊŘƛƴŀǘƛƻƴ Ǉƭŀƴǎ ƻƴ high-volume bicycle or pedestrian 
corridors on a case-by-case corridor basis (similar to Boulder on 13th Street between Pine Street 
and Canyon Boulevard). These are most often implemented on one-way streets and in downtown 
urban areas. Research notes the trade-off of potentially increased vehicular delays and emissions 
due to longer waits for vehicular traffic.  

¶ Some agencies have implemented more advanced traffic control plans using additional detection 
or adaptive control plans. Traffic responsive systems typiŎŀƭƭȅ ƛƴŎƭǳŘŜ ŀŘŘƛǘƛƻƴŀƭ άǎȅǎǘŜƳ 
ŘŜǘŜŎǘƻǊǎέ ōŜǘǿŜŜƴ ǎƛƎƴŀƭǎ ǘƻ ǇǊƻǾƛŘŜ ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ǘƘŜ ǎȅǎǘŜƳΦ Adaptive signal control 
has been shown, particularly in under-saturated conditions, to reduce travel times, reduce 
delays, increase average speeds and reduce fuel consumption.  These systems have a high initial 
cost for additional field equipment and traffic management center software, as well as higher 
maintenance cost for field components. The cost is typically considered prohibitive for wide-scale 
use. There are also challenges with integrating adaptive controlled intersections within the 
larger grid of coordinated (fixed-cycle) signals. Adaptive control methods can improve 
performance over time-of-day and actuated control operations in under-saturated conditions. 
While adaptive methods can be effective in delaying the onset of congestion, the ability of 
adaptive systems to mitigate oversaturated conditions has not been demonstrated (NCHRP, 
2015). 
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Map of Coordinated Signal Groups in the City of Boulder 
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5.2 Standard Signal Timing Settings  

This section provides a discussion of the standard traffic signal timing settings in use in the City of 
Boulder. 
 
Current Practice:  Traffic signal cycle lengths for coordinated groups are typically set to the minimum 
length that can reasonably service all vehicular, bicycle, and pedestrian movements.  The cycle length is 
minimized to reduce pedestrian, bicycle and side-street wait times and traffic queues, although longer 
cycle lengths may provide benefit to main street coordinated movements.  The current maximum cycle 
length in use in the City of Boulder is 120 seconds, though longer cycle lengths may be considered in the 
future during peak periods. At minor 2-phase intersections, the City considers implementation of a half-
cycle length whenever reasonable main street service and progression bandwidth can be maintained.   
 
Different coordination patterns are provided by time-of-day, with the most typical being the morning 
peak period, midday peak period, afternoon peak period, evening off-peak weekday, and weekend 
patterns.  Other time-of-day patterns address concentrated peak conditions near activity centers during 
specific peak periods.  Special event timing is discussed in Section 5.4. 
 
The following describes standard signal timing settings utilized in the City of Boulder:  

¶ Clearance intervals and all-red phases are established using Institute of Transportation Engineers 
(ITE) recommend interval determination based on speed, geometry and other factors; a 
minimum of 1.0 seconds of all-red is utilized.  The City typically does not use greater than 2.0 
seconds of all-red except in some special circumstances based on safety need. 

¶ The City of Boulder rounds yellow and all-red timings up to the nearest 0.1 seconds; pedestrian 
walk and flashing-ŘƻƴΩǘ-walk timings are rounded up to the nearest second. 

¶ Pedestrian walk times are a minimum of 7 seconds per the MUTCD. The only exception to this is 
at the Foothills Parkway & Arapahoe Road intersection where the 120-second cycle length 
όŎǳǊǊŜƴǘƭȅ ǘƘŜ /ƛǘȅΩǎ ƳŀȄƛƳǳƳ ŎȅŎƭŜ ƭŜƴƎǘƘύ ƛǎ ƴƻǘ ƭƻƴƎ ŜƴƻǳƎƘ ǘƻ ŀŎŎƻƳƳƻŘŀǘŜ ŀƭƭ ǾŜƘƛŎǳƭŀǊ ŀƴŘ 
pedestrian minimum phases.  

¶ Pedestrian clearance times are based on the MUTCD walking speed of 3.5 ft/sec. 

¶ As a general practice, main street pedestrian movements are set in recall during both 
coordinated and free operation so pedestrians travelling along the main street are not required 
to push the button to receive a walk display.  At fully actuated intersections, pedestrian 
movements are not recalled during free operation, so the signal can rest in green for the last 
vehicle phases served.  Where there is a multi-use path paralleling a coordinated movement, the 
main street pedestrian movements are set to rest in walk during both coordinated and free 
operation to maximize the likelihood that pedestrians and cyclists will encounter a walk display 
upon arrival, and to prevent cyclists from having to stop and press the button to recall the walk 
display during free operation.  The trade-off with this approach is that side street traffic may 
have to wait longer for service during coordinated operation depending on when they arrive at 
the signal, and during free operation will need to wait through the main street pedestrian 
clearance interval after they arrive 

¶ Side street pedestrian movements are set in recall at high pedestrian volume locations during 
times of day when there is a high likelihood that one or more pedestrians will be present to be 
served on most cycles of the signal so that pedestrians do not have to push the button and late 
arriving pedestrians do not have to wait until the next cycle to receive a walk display.  The trade-
off with this approach is that it can result in unnecessary delay to main street traffic on cycles 
when no pedestrian crosses the main street. 
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¶ Side street pedestrian movements are also sometimes set in recall by time of day at intersections 
that have coordinated movements on the side street that require the extended green window 
that is provided during the side street pedestrian service.  This practice reduces side street stops 
and delay, but increases main street stops and delay, so it is used only at locations and times of 
day that provide a net benefit for all users of the intersection. 

¶ Minimum Green:  the general intent of the minimum green interval is to ensure that each green 
interval is displayed for a duration that will satisfy driver expectancy and/or bicycle start-up and 
clearance times.  Minimum green time varies by movement type (turn or through) and site-
specific conditions.  The shortest minimum green interval used is 4 seconds and is generally 
applied to left-turn phases and side street movements.  For side street movements on 
approaches that are designated bike routes or have on-street bike lanes, the minimum green is 
set at 6 or more seconds, with longer durations used at locations with uphill grades or crossing 
multilane roadways that will take cyclists more time to cross. City staff is continuing to assess the 
need to lengthen minimum green times for bicycles to allow safe clearance of intersections along 
with assessing potential impacts. 

 
Peer & Industry Research Considerations:   

¶ {ƻƳŜ ǎǇŜŎƛŦƛŎǎ Ƴŀȅ ǾŀǊȅ ōȅ ŀƎŜƴŎȅ ōǳǘ .ƻǳƭŘŜǊΩǎ ŀǇǇǊƻŀŎƘŜǎ ǘƻ ǎƛƎƴŀƭ ǘƛƳƛƴƎ ŜƭŜƳŜƴǘǎ ŀǊŜ 
consistent with industry best practices and peer research. 
 

5.3 Emergency Operations Protocol  

This section provides a discussion of signal operation when preempted by emergency vehicles.  
 
Current Practice: 

¶ Emergency vehicle preemption is provided for Boulder Fire Department and other emergency 
services using Opticom emitters and detectors.  Where left-turn phases are provided, preemption 
is configured to provide the left-turn and through green signals in the direction the emergency 
vehicle is travelling.  Preemption is typically provided for new signal installations and retrofitted 
to existing locations based on Fire Department request.   

¶ During emergency vehicular preemption, the signal is set to truncate or omit the walk display but 
will not shorten the pedestrian clearance phase (flashing-ŘƻƴΩǘ-walk).  At traffic signals at 
intersections in immediate proximity to fire stations, an all-red phase may be provided during 
pre-emption, to allow emergency vehicles to exit the fire station and proceed through the 
intersection in any direction.   

¶ The City of Boulder does not currently provide preemption for any vehicles other than emergency 
services (Police, Fire, Ambulance).   
 

Peer & Industry Research Considerations:   

¶ Boulder is consistent with industry best practices regarding emergency vehicle preemption. 

¶ Some agencies provide preemption for snowplows to aid in clearing roadways during winter 
storms.  Additional research is needed to evaluate the potential costs and benefits to preemption 
for snowplows in the City of Boulder.    
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5.4 Special Event Timing and Operation  

 
Current Practice: The University of Colorado typically has approximately six (6) home games at Folsom 
Field on the Boulder campus each year as well as other events including concerts and spring graduation 
ceremonies.  Special inbound and outbound timing plans for signals around Folsom Field are 
implemented before and after games and major stadium events.  Post-game traffic conditions vary, so 
technicians take real-time input from observations and modify signals remotely to prioritize outflow 
platoons as necessary. Modified timing plans utilize existing cycle lengths but shift splits to inbound or 
outbound movements.  Colorado corridor (Folsom to Foothills) ς inbound.  Outbound based on timing of 
end of event and real-time conditions.  Outbound timing plans are included for Colorado, 28th, and 
Broadway.  Cycle lengths are modified to give priority (i.e. more green time) to outbound platoons and 
set back to normal once the level of traffic demand returns to normal.  Currently flash/manual control at 
some locations near the Coors Events Center for University of Colorado basketball games, but no real-
time signal changes are made.   
 
For large, citywide events such as the Bolder Boulder, the City works with event planners to develop a 
traffic control plan for pre-event approval by City staff.  The approved traffic control plan identifies traffic 
control devices and personnel used to temporarily detour traffic and/or close street segments.  During 
CŀǊƳŜǊΩǎ aŀǊƪŜǘ ŜǾŜƴǘǎ ŘƻǿƴǘƻǿƴΣ ŀŘŘƛǘƛƻƴŀƭ ǇŜŘŜǎǘǊƛŀƴ ŎǊƻǎǎƛƴƎ ǘƛƳŜ ŦƻǊ ƴƻǊǘƘ-south movements is 
provided at the 13th Street & Canyon Boulevard intersection.  
 
Peer & Industry Research Considerations:   

¶ Boulder is consistent with industry best practices regarding use of special event timing and 
operation.  Other agencies are known to operate similar event timing plans for major local 
events. 

 

5.5 Left-Turn Phase Operation 

Left-turn movements controlled by traffic signals can be operated in several ways and combinations.  
The options for left-turn operation typically involve trade-offs between safety and efficiency. Left-turn 
signal phasing types include: 
 

¶ Permitted-only displayed with a green ball or a flashing yellow arrow display - (vehicle may turn 
left but must yield to conflicting traffic including cyclists and pedestrians in the crosswalk). 

¶ Protected-only displayed with a green arrow display - (vehicle may turn left with right-of-way 
and will not conflict with any other movements). 

¶ Protected/permitted (leading left-turn) or permitted-protected (lagging left-turn)  
 
Protected-only left-turn operation minimizes potential conflicts with other movements but may require 
a longer cycle length to operate and may increase delays to the left-turn and other movements.  
Protected-only movements will minimize potential conflicts with turning vehicles during the pedestrian 
phases but may result in longer pedestrian wait times.   
 
Permitted-only operation can allow for shorter cycle lengths as left-turn phase timing is not needed but 
may not adequately service higher left-turn movement volumes or where there are high opposing 
through volumes.  Permitted-only operation will also typically result in a higher number of potential 
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conflicts with other movements, including concurrent pedestrian phases, but may shorten pedestrian 
delays. 
 
Protected/permitted left-turn operation allows for both a protected and permitted portion of the phase 
to balance these tradeoffs where conditions allow. 
 
Current Practice: The City typically provides protected-only or protected/permitted left-turn phasing 
where permitted-only operation allows too much potential for conflict where there has been a 
documented crash history requiring a change in operation, where protected operation would provide 
improved efficiency (typically at high volume left-turn locations), or where sight distance or other site 
conditions are unsuitable for permissive left-turn operation.  The City may vary left-turn phasing type by 
time-of-day to best match conditions that vary over the course of the day.  The City seeks to provide the 
least restrictive form of left-turn control that provides an appropriate balance between the crash history, 
potential for conflict and mobility of all users.   
 
The City utilizes recommended practices provided by the Institute of Transportation Engineers (ITE) and 
the Manual on Uniform Traffic Control Devices (MUTCD) when evaluating a traffic signal location to 
determine which type of left turn phasing should be used.  Permitted-only left turn phasing will typically 
be used unless one of the following considerations suggest that some form of protected phasing (either 
protected-only or protected/permitted) be used during one or more periods of the day:   

¶ Volume:  the cross-product traffic turning left equal to at least 50 vehicles per hour or an average 
of 2 vehicles per cycle  

¶ Crash History:  six (6) crashes in a two (2) year period or four (4) crashes in a one (1) year period.   

¶ Observations of vehicle queues and left-turn and through storage lengths (if vehicles are 
experiencing two cycles of delay or more or regularly backing out of the storage bay during the 
peak hours) 

¶ Meeting minimum sight distances per AASHTO Green Book 

¶ Number of turn lanes (see below) and opposing through lanes; will provide protected-only 
operation if left-turn opposed by three or more through lanes 

¶ Posted Speeds:  will provide protected-only phasing at > 45 mph posted speed 

¶ Transit operations 

¶ Conflicting pedestrian and bicycle facilities and flows 
 
Typical multi-lane left-turn operation: 

¶ Where a dual left-turn opposes a dual left-turn, the City will typically operate protected-only 
during peak periods; off peak periods based on intersection geometry, sight distance, speeds, 
volumes and crash history 

¶ Where a dual left-turn opposes a single left-turn, the City may use permitted operation even in 
peak periods based on intersection geometry, sight distance, speeds, volumes and crash history 

¶ A triple left-turn will be operated protected-only during all times.  
 
The City varies phase order by time of day, including lead-lag left-turn operation.  Historically, lead-lag 
operation ŀƴŘ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ŀ άyellow ǘǊŀǇέ ŎƻƴŘƛǘƛƻƴ has required the lead phase to be protected-only 
and has only been used where progression benefits have offset this restriction.  However, the use of a 
four-section flashing-yellow-arrow (FYA) head addresses this issue and allows lead-lag phasing for 
ŎƻƻǊŘƛƴŀǘŜŘ ƻǇŜǊŀǘƛƻƴ ǿƛǘƘ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ŀ άƭŜŦǘ-ǘǳǊƴ ǘǊŀǇέ ŎƻƴŘƛǘƛƻƴΦ   
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!ǘ ά¢έ intersections where the sidestreet left-turn movement has no conflicting vehicular movement, the 
City considers variable left-turn operation triggered by a pedestrian call.  If no pedestrian call occurs, the 
left-turn may operate as protected-only (green arrow); if there is a pedestrian call, the left-turn operates 
permitted-only (FYA).  The City is evaluating the feasibility and practical considerations associated with 
extending this practice to four-way intersections.  Assuming signal controller programming issues can be 
resolved, the primary consideration would be the inability to have a signal approach be on recall for the 
pedestrian phase and subsequent increased wait times for pedestrians in these instances. 
 
For new signal installations, initial left-turn phasing is typically set based on the physical criteria above 
and with consideration for operational modeling that may have been provided (a traffic impact study for 
an adjacent proposed development, for example).  Over time, any changes to left-turn operations are 
then considered in response to citizen requests or at such time issues are identified through the Boulder 
Safe Street report, design projects where crash and operation data is reviewed, and/or from the Police 
department. 
 
Peer & Industry Research Considerations:   

¶ There are no uniformly accepted methods of applying left-turn signal phasing within the 
industry, though most states and local agencies cite similar considerations for the basis of left-
turn signal operations; the common considerations ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ .ƻǳƭŘŜǊΩǎ ŎǳǊǊŜƴǘ 
practices above.   

¶ A cross-product of left-turn vs opposing through peak hour volume is often used to determine if a 
left-turn movement should have at least some portion of protected-only phasing (developed 
from 1997 study by N. Stamatiadis, Transportation Research Record): 

o A protected-only phase should be provided when the cross-product equals a minimum of 
50,000 for one-lane approaches and 100,000 for two-plane approaches. 

¶ Some agencies prescribe the use of protected-only phasing for certain geometric conditions, such 
as for dual left-turn lanes or where there are three or more lanes opposing the left-turn 
movement, or when there is insufficient sight distance.  Agencies reviewed that provide specific 
guidance for dual left-turns prescribe that dual left-turns operate protected-only; Boulder, 
Denver, Tucson and the North Carolina DOT (NCDOT) are examples of agencies reviewed that 
allow use of protected/permitted left-turns.  NCDOT provides guidance for use of a dual-left 
flashing yellow arrow, citing Boulder amongst some other cities that use dual-left FYA: 
https://connect.ncdot.gov/resources/safety/Teppl/TEPPL%20All%20Documents%20Library/T71_
DLFYA.PDF 

¶ .ƻǎǘƻƴΩǎ ƎǳƛŘŜƭƛƴŜǎ όōŀǎŜŘ ƻƴ ŀ ƳƻŘƛŦƛŜŘ volume cross-product criteria, AASHTO sight distances, 
crash history, laneage, geometry:  
https://www.boston.gov/sites/default/files/document-file-03-
2017/traffic_signal_operations_design_guidelines.pdf 

¶ Oregon DOT provides relatively specific guidance for the operation of left-turns: άThe selection of 
the most appropriate mode of the left-turn operation should be supported by an engineering 
study and should consider factors such as left-turn and opposing through volumes, posted speed, 
number of left-turn and opposing lanes, sight distance, pedestrian volume, and crash history. The 
least restrictive form of left-turn mode that will accommodate all movements safely and 
efficiently should be used.έ Criteria of note: 

o Protected-only mode shall be provided with more than one left-turn lane or where 
AASHTO sight distance minimums are not met 

o Protected-only mode should be provided where:  crash history of 5 or more crashes in 12 
month period in previous 3 years, left-turn volume of 300 vph or cross-product of 

https://connect.ncdot.gov/resources/safety/Teppl/TEPPL%20All%20Documents%20Library/T71_DLFYA.PDF
https://connect.ncdot.gov/resources/safety/Teppl/TEPPL%20All%20Documents%20Library/T71_DLFYA.PDF
https://www.boston.gov/sites/default/files/document-file-03-2017/traffic_signal_operations_design_guidelines.pdf
https://www.boston.gov/sites/default/files/document-file-03-2017/traffic_signal_operations_design_guidelines.pdf
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150,000 for 1 opposing lane and 300,000 for 2 opposing lanes; posted speed > 45 mph; 
left-turn crosses 3 or more opposing through lanes; U-turns are permitted; high 
percentage of heavy left-turning vehicles; opposing left-turn phase is protected-only; 
additional factors such as high pedestrian volumes, traffic signal progression, 
intersection geometry, maneuverability of particular classes of vehicles, adequacy of 
gaps, or preemption-related operational requirements unique to preemption systems 
make it necessary to provide protected only left-turn mode  

o For all state highway installations, the standard display for protected/permitted left-turn 
mode shall be the flashing yellow left-turn arrow display.  

o If criteria for protected-only operation is not met, protected/permitted phasing should 
be provided when: left-turn volume routinely exceeds 200 vph or the cross-product 
exceeds 50,000 for 1 opposing lane or 100,000 for 2 opposing lanes; or, when projected 
volumes warrant protected/permitted mode within 5 years after signal is placed in 
service; or, when the opposing left-turn approach has a protected/permitted turn signal 
or meets one of these criteria.  

o Permissive only mode may be used if none of the criteria discussed above is satisfied 

¶ Summary of left-turn phase selection criteria from Los Angeles DOT, Manual of Policies and 
Procedures: http://ladot.lacity.org/sites/g/files/wph266/f/MPP%20521%209-2-16.pdf 

 

http://ladot.lacity.org/sites/g/files/wph266/f/MPP%20521%209-2-16.pdf
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¶ The City of Fort Collins uses a method based on volume and calculated unprotected green time 
required, which a caveat to a crash concerns (though no specific crash criteria), to determine 
whether a left-turn movement needs a protected phase.  See Page 15 of the Fort Collins Traffic 
Operations Manual, Appendix F of the Larimer County Urban Area Street Standards (2001):  
https://www.larimer.org/sites/default/files/apdxf.pdf 

¶ Columbus, OH: https://www.columbus.gov/WorkArea/DownloadAsset.aspx?id=2147498299 
Per Columbus manual, application of a dedicated left turn phase shall be based on the results of 
an independent analysis. A left turn phase should be considered under any of the following 
conditions:  

¶ 5 or more left-turn crashes per million left-turn vehicles. 

¶ When capacity analysis from Highway Capacity Software (HCS) or Synchro analysis 
indicates a poor level-of-service without a left turn phase. 

¶ If the left turn volume exceeds 240 vehicles/hour. 

¶ If the product of (left turn volume x opposing through traffic) exceeds: 
o 50,000 with 1 opposing lane, 90,000 with 2 opposing lanes, and 
o 110,000 with 3 opposing lanes, and 
o left-turn volume is greater than 2 vehicles per cycle, a left turn phase should be 

considered.  
(Columbus) Protected-only left turn phasing shall be used under the following 
conditions: 

¶ Sight distance limitations due to offset left turn lane or skewed intersection geometry. 

¶ When double left turn lanes are provided. 

¶ When a permitted/protected left-turn phase is in operation and a continued crash rate 
of 5 or more left-turn crashes per million left-turn vehicles occur. 

¶ There have been recent research papers and efforts to standardize left-turn phasing application 
on state and national levels; these are provided in the following bullets: 

¶ Example left-turn phasing guidelines Exhibit 4-16 from NCHRP Report 812: Signal Timing 
Manual, 2nd Edition (2015), http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_812.pdf 
adapted from the Manual of Traffic Signal Design, 2nd Edition (ITE, 1992)), the Traffic Signal Book 
(Orcutt, Jr, F.L., 1993), and the Traffic Engineering Manual (Florida DOT, 1999): 

https://www.larimer.org/sites/default/files/apdxf.pdf
https://www.columbus.gov/WorkArea/DownloadAsset.aspx?id=2147498299
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http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_812.pdf 
 

¶ Additional Example left-turn phasing warrant flow diagram from NCHRP 457 (Bonneson, 
Fontaine, 2001)  https://nacto.org/docs/usdg/nchrp_rpt457_bonneson.pdf 

¶ Additional Example left-turn phasing warrant flow diagram (Zhang, Panos, Prevedourous, 2010) 
https://www.researchgate.net/publication/237682126_Warrants_for_Protected_Left-
Turn_Phasing 

¶ A research paper conducted in 2015 by the Virginia DOT to help develop a statewide document 
to standardize left-turn phase selection, provides some additional decision-making guidance: 
http://www.virginiadot.org/VDOT/Business/asset_upload_file523_80800.pdf 
 

 

5.6 Right-Turn on Red 

Right-turn-on-red (RTOR) restrictions may be 
put in place to reduce conflict between 
movements and modes of traffic where certain 
conditions exist.  This restriction may be 
incorporated at an intersection if adequate sight 
distance cannot be achieved; or where few gaps 
in main street through traffic exist for safe entry 
into the intersecting vehicular flow; or where it 
has been determined there are too many 
conflicting bicycle or pedestrian movements.   
 
Current Practice:  The City currently considers 
right-turn on red restrictions on a case-by-case 
basis with an engineering assessment consistent 


